Introduction {#Sec1}
============

Severe fever and thrombocytopenia syndrome (SFTS) is caused by a novel bunyavirus: severe fever and thrombocytopenia syndrome virus (SFTSV). Cases of infection have been reported in central and northeastern China, South Korea, and southern Japan. The most recent updates on the cumulative reported cases are 7419 in China by 2016, 335 in South Korea by 2016, and 319 in Japan by 2017 \[[@CR1], [@CR2]\]. SFTSV-like viruses---such as the Heartland virus, Hunter Island virus, and Malsoor virus---continue to be isolated worldwide \[[@CR3], [@CR4]\].

SFTS is an acute illness, with a reported mortality rate of 16.2--29.1% \[[@CR1], [@CR2]\]. Patients with SFTS usually suffer fever, severe haemorrhagic, digestive, or neurologic symptoms, and can die from multi-organ failure \[[@CR5], [@CR6]\]. Currently, there is no curative treatment, specific antiviral medication, or vaccine against the SFTSV.

Favipiravir (T-705, Avigan) is an antiviral drug targeting many RNA viruses. It can inhibit viral RNA-dependent RNA polymerase selectively or induce RNA transversion mutations to produce a nonviable viral phenotype \[[@CR7]\]. Its activity has been demonstrated in the laboratory setting against influenza viruses, yellow fever virus, hand--foot-and-mouth disease virus, bunyavirus, SFTSV, and several other viruses \[[@CR8], [@CR9]\]. A clinical trial investigating favipiravir against the Ebola virus showed that it could reduce mortality from 30 to 15% \[[@CR10]\]. Favipiravir can be used safely in humans and has been approved to treat influenza in Japan. It does not inhibit mammalian RNA or DNA synthesis and is not toxic to mammalian cells \[[@CR6]\]. Reports have indicated that favipiravir has a better safety profile compared with ribavirin \[[@CR11]\].

The activity of favipiravir against the SFTSV and other Bunyaviruses has been demonstrated in several studies using small animals. In mice infected with the SFTSV, the serum viral load was undetectable 2 days after favipiravir use. In another study using Bunyavirus-infected mice, the favipiravir-treated group had no deaths, whereas the ribavirin-treated group suffered many deaths \[[@CR12]\], thereby demonstrating the potential protective effect of favipiravir against the SFTSV.

Reports focusing on favipiravir use in patients infected with the SFTSV are lacking. Here, we report two patients with SFTS treated with this novel antiviral medication who achieved complete recovery.

Methods {#Sec2}
=======

Both patients with SFTS were treated at our hospital with favipiravir orally for a length of 5 days, with a loading dose of 1600 mg twice a day; from day 2 to day 5, 600 mg was given twice a day. Both patients in this study were informed about the potential benefits and risks of using Favipiravir, and both agreed to use it and signed informed consent.

Favipiravir is licensed and approved in Japan to treat influenza viral infections. In China, favipiravir tablets were approved to begin clinical trials by the China Food and Drug Administration in 2016. In 2018, we received a major grant from the National Science and Technology Major Projects for Major New Drugs Innovation and Development, for 'Clinical Research on Anti-severe fever thrombocytopenia syndrome bunyavirus Drugs' (No. 2018ZX09711003-014-003).

Results {#Sec3}
=======

Patient 1 {#Sec4}
---------

Patient 1 was a 38-year-old male who came to our hospital with a chief complaint of fever (39.3 °C) lasting 3 days without a clear origin. He also complained of severe malaise, chills, headache, joint pain in the lower extremities, and progressive fatigue. Coughing, vomiting, heavy sweating, abdominal pain, diarrhoea, skin rash, weight loss, or disturbance of consciousness was not observed.

A physical examination revealed no abnormality. Laboratory tests revealed the following levels: haemoglobin (Hb) 133 g/L, alanine transaminase (ALT) 54.1 U/L, and creatine kinase (CK) 354 U/L, white blood cell (WBC) count 4.3 × 10^9^/L, and platelet count 121 × 10^9^/L. Renal-function tests were within normal ranges.

The patient had been hepatitis B virus (HBV)-positive for more than a decade and had never sought treatment. The HBV viral load was \~ 10^3^ IU/mL upon hospital admission. Abnormal liver function or symptoms in the digestive system, or other serious illnesses, had not been reported in the past.

The patient's mother had suffered a tick bite 1 month previously in Hubei Province, China (which is an SFTS epidemic area). She was diagnosed with SFTS, and our patient returned to Hubei Province to take care of her 3 weeks earlier. Sadly, his mother died 2 weeks later.

Upon hospital admission, blood tests showed a decreased platelet count of 107 × 10^9^/L. A nucleic-acid test confirmed the diagnosis of SFTS, with a viral load of 4.1 × 10^3^ copies/mL (Fig. [1](#Fig1){ref-type="fig"}). The patient suffered a high body temperature of 38.9 °C. Despite empirical use of doxycycline (0.1 g, b.i.d., p.o.) and aspirin--DL--lysine (i.v.), his body temperature increased to 39.3 °C with aggravated headache, fatigue, and joint pain in the lower extremities.Fig. 1Dynamic changes of viral load, body temperature, and blood cell counts before and after favipiravir treatment. Viral load and platelet count changes are shown in patient 1 (**a**) and patient 2 (**c**). Viral load and body temperature change in patient 1 (**b**). White blood cell count, neutrophil count, and percentage changes in patient 1 (**d**) and patient 2 (**f**). Lymphocyte count and percentage in patient 1 (**e**) and patient 2 (**g**). *VL* viral load, *PLT* platelet count, *Temp* body temperature, *WBC* white blood cell count

The patient was given favipiravir (p.o.) on the night of day 4 of his disease course (day 2 after hospital admission). The initial dose of favipiravir was 1600 mg (p.o.). The same dose was given the next morning (day 5). A reduced dose of 600 mg was given q12 (p.o.) starting from the night of day 5 and continuing for another 4 days (until the night of day 9).

At the beginning of the treatment course, the viral load peaked at 3.99 × 10^4^ copies/mL at day 2 of favipiravir treatment. It became undetectable sharply at day 4, and stayed undetectable even after ceasing favipiravir (Fig. [1](#Fig1){ref-type="fig"}). His body temperature returned to normal at day 3 of favipiravir treatment. The platelet count continued to decrease, reaching the nadir of 71.8 × 10^9^/L at day 7 (day 4 of favipiravir treatment), after which it started to increase. A reduced lymphocyte count was observed during the disease course and recovered within 2 days of favipiravir use. Liver function started to recover at day 11 of the disease course. His symptoms disappeared at day 8 (day 5 of favipiravir treatment) (Supplementary Fig. [1](#Fig1){ref-type="fig"}). The HBV viral load was stable throughout the treatment course. The patient was discharged shortly afterward. He returned to us after 4 months for follow-up, and all test results were within normal ranges.

Patient 2 {#Sec5}
---------

Patient 2 was a 48-year-old male, admitted at 11 days after the onset of fever, with melena for 2 days and drowsiness for 10 h. Eleven days previously, the patient had a fever of 38.9 °C along with fatigue and nausea, but without vomiting, chills, sore throat, cough, joint pain, diarrhoea or other symptoms. He had not responded to antibiotics (ceftriaxone) at local clinics. At day 7, the patient started to suffer periumbilical abdominal pain and was transferred to a major local hospital. An abdominal ultrasound revealed no abnormality. A qualitative nucleic-acid test against the SFTSV reported positive. The patient was treated with ribavirin, but his symptoms worsened rapidly, and he started to show anorexia, abdominal distention, melena (3--4 times per day), mental sluggishness, worsening fatigue, reluctance to speak, disorientation and drowsiness at day 10. Petechiae were seen at the puncture site of the intramuscular injection.

Before hospital admission, blood tests showed that the platelet count had dropped from 107 × 10^9^/L to 31 × 10^9^/L. The WBC count had dropped from 4.45 × 10^9^/L to 2.3 × 10^9^/L. The level of ALT increased gradually to 139 U/L, and that of aspartate transaminase (AST) to 444 U/L.

Upon hospital admission (day 11), the patient was afebrile, disoriented, anorexic, and very drowsy. His voice was very weak. Examination showed abdominal distension and tenderness, as well as an enlarged and tender left inguinal lymph node. No neck stiffness or abnormal breathing sounds were observed. He could not cooperate with the full physical examination.

Urine tests showed positive for red blood cells (RBCs), WBCs, proteins, and ketones. The platelet count was 29.4 × 10^9^/L. The ALT level was 207.8 U/L and AST was 665.2 U/L. The level of lactate dehydrogenase (LDH) was 1569.4 U/L, that of creatine kinase isoenzyme (CKMB) was 47.4 U/L, and hydroxybutyrate dehydrogenase (HBDH) was 974 U/L. The viral load of the SFTSV in blood was 1.90 × 10^6^ copies/mL. The patient was diagnosed with SFTS, and favipiravir was administered upon hospital admission (day 11).

From the start of favipiravir treatment, the counts for WBCs, lymphocytes, and platelets started to increase, and levels of LDH, CKMB, HBDH started to decrease. Liver function was starting to shift towards the normal range. Melena resolved at day 2 of favipiravir treatment. Neurologic symptoms (disorientation, drowsiness) disappeared, and abdominal distension resolved at day 3 of favipiravir treatment. Urinary parameters returned to normal 5 days after favipiravir use. Protein in the cerebrospinal fluid (CSF) dropped from 63.5 mg/dL upon hospital admission to 28.7 mg/dL at 13 days after initiation of favipiravir treatment. The viral load became undetectable at day 5 of favipiravir treatment (Fig. [1](#Fig1){ref-type="fig"} and Supplementary Fig. 1). The patient was discharged shortly afterward.

The patient was found to be Epstein--Barr virus (EBV) + at day 8 of the disease course with a viral load of 1.24 × 10^3^ copies/mL. The EBV viral load remained stable throughout the disease course.

Features in both patients {#Sec6}
-------------------------

Tests for the human immunodeficiency virus (HIV) antigen and viral load, hepatitis C virus (HCV) immunoglobulin (Ig)M and viral load, haemorrhagic fever renal syndrome IgM, tumour markers, syphilis antibody, and rapid plasma reagin were negative in both patients. Both patients showed reduced lymphocyte counts during infection; a more detailed and dynamic lymphocyte profile is shown in Fig. [1](#Fig1){ref-type="fig"}e and g. Dynamic changes in the immune-cell subtypes were tested in patient 2; all subsets were found to be reduced during infection, and rebounded after favipiravir use except plasmacytoid dendritic cells (pDC) **(**Supplementary Fig. 2**)**. Although both patients lived in the epidemic area of ticks and SFTSV, they had no clear history or signs of tick bites.

Both patients demonstrated a drop in PLT counts and elevation of viral loads with a much worse course of disease in the second patient (viral load peaked at 1.9 × 10^7^ copies/mL, PLT nadir at 31 × 10^9^/L). In an untreated patient (as a reference) we observed a viral load as high as 5.01 × 10^7^ copies/mL, and PLT count as low as 20.3 × 10^9^/L.

Discussion {#Sec7}
==========

Although the antiviral activity of favipiravir has been tested on small animals, its clinical use has not been reported against the SFTSV or any other member of *Bunyavirales*. Here, we reported two SFTSV-infected patients treated with favipiravir who reached complete remission.

Both patients were admitted with progressive decreases in the WBC and platelet counts and were diagnosed based on virologic evidence. Patient 2 was at a more advanced stage and showed signs of cardiac injury (increased CKMB level), renal and liver dysfunction, and significant haemorrhagic and neurologic symptoms, which progressed rapidly. The patient had shown early signs of multi-organ failure. The prognosis of patients at this critical stage is usually very poor \[[@CR5]\]. After favipiravir treatment, the patients recovered completely.

The favipiravir dose we used was consistent with the recommendation to treat influenza approved by the Japan Food and Drug Administration. In both patients, the viral load dropped remarkably fast directly after the start of favipiravir treatment (Fig. [1](#Fig1){ref-type="fig"}). Urine and CSF viral loads were reported to be negative after favipiravir treatment, and blood parameters and symptoms recovered shortly after favipiravir treatment.

Two days after the start of favipiravir treatment in patient 1, multiple, red itchy papules were observed at his distal extremities, which disappeared after 8 days of symptomatic management. Liver function became abnormal upon favipiravir use and returned to normal after ceasing it. These could be the side effects of favipiravir. Therefore, further investigation is required.

The first patient only showed mild symptoms and signs. At this stage of the disease, it is possible that the patient would recover even without specific antiviral treatment. A well-controlled clinical trial with large patient numbers is required to thoroughly evaluate the efficacy of favipiravir.

Conclusions {#Sec8}
===========

Two patients with SFTS treated with favipiravir showed complete remission. These case studies highlight the potential curative effect of favipiravir.

Electronic supplementary material
=================================

 {#Sec9}

Below is the link to the electronic supplementary material. Supplementary Fig. 1 Dynamic changes of blood test parameters before and after favipiravir treatment. Liver function test result changes in patient 1 (A) and patient 2 (B) are shown. LDH, CKMB (C), BUN (D), blood phosphate (E), and uric acid (F) were shown in patient 2. AST: aspartate aminotransferase, TBil: total bilirubin, LDH: Lactate dehydrogenase, CKMB: Creatine kinase isoenzyme -MB, BUN: blood urea nitrogenSupplementary Fig. 2 Dynamic changes of blood immunology tests before and after favipiravir treatment. Different immunology test results in patient 2 are shown. NK: natural killer cell, NKT: natural killer-T cell, pDC: Plasmacytoid dendritic cells, mDC: Myeloid dendritic cell
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